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Thermodynamics of the lanthanide trifluorides. I. The heat 
capacity of lanthanum trifluoride, LaF 3 from 5 to 3500K 
and enthalpies from 298 to 1477°Ka) 
William G. lyon,b) Darrell W. Osborne, Howard E. Flotow, c) and Fernande Grandjeand) 
Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439 
Ward N. Hubbard and Gerald K. Johnson 
Chemical Engineering Division, Argonne National Laboratory, Argonne, Illinois 60439 
(Received 19 December 1977) 
The heat capacity of a sample of LaF3 was determined in the temperature range S-3S0'K by aneroid 
adiabatic calorimetry and the enthalpy from 298.1S to l477'K by drop calorimetry. The heat capacity at 
constant pressure C'p(298.lS'K), the entropy S'(298.1S'K), the enthalpy [H'(298.1S'K)-H'(0)] 
and the Planck function - [G"(298.1S·K)- H'(0)]/298.1S'K; were found to be (90.29 ±0.09) J 
'K-1'mole-t, (106.98±0.11) J 'K-1'mole-t, (167l7±17) J mole-I, and (SO.9l±0.OS) J 
'K-1.mole- l . The thermal functions from the present research were extended up to the melting 
temperature (1766'K) by combination with previously published results. The anomalously high heat 
capacity from about 1100 to 1766'K is discussed. 
I. INTRODUCTION 
LaFs, CeFs, PrFs, and NdFs1,2 as well as AcFs, 
UF s' NpF s, PuF s, and AmF s s. 4 exhibit the so-called 
LaF s-type structureS- 8 for which several space groups 
have been suggested. 9-12 Recent neutron diffraction re-
sults for LaFs, lS.14 CeFs,lS and PrFs lS apparently favor 
the trigonal D~(P3c1) space group in agreement with 
the earlier x-ray results. 5-7 
Although high temperature data are available con-
cerning the enthalpy, 16.17 vapor pressure,18-2S and mo-
lecular vibrations24- 26 of LaF s' no low temperature heat· 
capacities have been previously published. Heat capa-
city data for CeFs 27•28 and for 242PuFS29 are the only 
low temperature heat capacity data previously available 
for materials with this structure. 
In this paper we report measurements of the heat 
capacity of LaFs from 5 to 350 OK by adiabatic calorim-
etry. The heat capacity values of LaFs below 600 OK, 
as calculated from the previously published enthalpy 
results,16.17 could not be joined smoothly with the pres-
ent heat capacity values obtained by adiabatic calorime-
try up to 350 OK. Also, the published enthalpy and heat 
capacity values16.17 seemed anomalously high above 
1100 OK. We therefore determined the enthalpy of LaF s 
by drop calorimetry between 298 and 1477 OK in an at-
tempt to resolve these questions. 
alThis work was performed under the auspices of the Division 
of Basic Energy Sciences of the Department of Energy. 
b) Phillips Petroleum Company, Research and Development, 
Bartlesville, OK 74004. 
c)To whom correspondence concerning this paper should be 
directed. 
d)Charg~ de Recherches du FNRS, lnstitut de Physique, Uni-
versity of LiI~ge, Belgium. 
II. EXPERIMENTAL 
A. Sample provenance and characterization 
The LaFs sample used for this research was pre-
pared by the Ames Laboratory of the United States De-
partment of Energy. This sample was synthesized 
from high purity L~Os by heating in a platinum boat to 
1023 OK for 16 h, then heating to 1793 OK (above the 
melting point of LaFs) for 8 h under a flowing anhydrous 
hydrogen fluoride-argon atmosphere. The experimen-
tal apparatus for this type of synthesis is described in 
detail by Henderson. 16 Chemical analyses for trace 
contaminants of the calorimetric sample of LaFs are 
detailed in Table I. These data indicate a plrity of 
99.97%. A Debye-Scherrer x-ray diffraction pattern 
for the sample yielded the (hexagonal) parameters a 
= (7 .185± O. 016) A, and c = (7. 350± O. 016) A, in agree-
ment with parameters published previously17 for simi-
larly prepared material. No separate phase impurities 
were detected. 
B. Calorimetric measurements from 5 to 350 0 K 
The sample was loaded into a gold-plated copper ca-
lorimeter (laboratory deSignation, GS-35A) which had 
a mass of 49.657 g and an internal volume of 34.23 cms• 
The calorimeter was sealed vacuum tight by means of a 
beryllium-copper knife edge to gold gasket seal. The 
sealed calorimeter contained 100.497 g of sample as 
well as 5. 330x 10-5 mole of helium gas, which was used 
to promote rapid thermal equilibration. A density of 
5.939 g cm-s was assumed for LaFs 7 in calculations of 
the buoyancy correction and of the sample volume. A 
reentrant, axially symmetric well in the calorimeter 
contained a bifilarly wound Evanohm heater, and a 
capsule-type, platinum resistance thermometer (labor-
atory designation A-l, scale A-17). The major fea-
tures of the cryostat and adjuvant measuring circuitry 
have been described previously. SO.S1 
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TABLE 1. Spectrometric analyses of trace contaminants in 
calorimetric sample of LaF3 • 
ppma 
Element (by mass) % Analysis as metal fluoride 
Ba 10 0.0013 ± O. 0006 
Ca (10) 0.0020 ±0.0010 
Gd 60b 0.0082 ±O. 0041 
K 20 0.0030 ± O. 0015 
Li 5 0.0019 ± O. 0009 
Na 20 0.0037 ±0.0018 
Sr 3 0.0004 ± O. 0002 
Y 0.2 0.00003 ±O. 00001 
° 
(10)C 0.011 ±0.006d 
0.032 ± O. 008 
"Impurities in ppm by mass for the starting reagent La203 
(Serial No. L~03-La-8-3) were as follows (spark source, 
mass spectrometric determination) Al 0.17, B 0.5, Ca 10, 
Ce8, CI100, Fe5, Gd<0.3, Na2, NiO.3, Pr1, ScO.3, Si5 
Th 17, Y 0.62. 
bThe high value for Gd is attributed to cross contamination 
from a preparation of GdF 3 run immediately prior to the LaF 8 
synthesis. This amount is not believed to be significant for 
heat capacities in the 5-350 oK range. 
or above 20 oK. The sample contributed about 41% of 
the total heat capacity at 5 oK, 59% at 50 oK, and 68% 
by 350 oK. 
Table II lists the experimental molar heat capacity 
values. The approximate temperature increments for 
the individual heat capacity determinations were as fol-
lows: for T below 20 oK, AT""" 2 oK; for T above 20 oK 
and less than 100 oK, AT""" 0.1 T; for T above 100 oK, 
AT C>i 10 oK. Corrections for finite temperature incre-
ments were applied to all values in Table II by means 
of the formula given in a previous publication. 32 The 
estimated probable error of the heat capacity results 
in Table II is 5% at 5 oK, 1% at 15 oK, and 0.1% above 
25 oK. 
C. Enthalpy measurements from 298 to 1477 oK 
The enthalpy measurements were made on a portion 
CEstimated from the transparency of the preparation by supplier. 
dpercent analysis as LaOF. 
of the sample used for the heat capacity measurements. 
The sample (mass: 18.15605 g) was contained in a 
welded platinum -1 0% rhodium capsule (1. 2 cm diam, 4. 8 
cm long, 5.39 cm3 into vol.), which, in addition, con-
tained 2. 20 x 10-4 mole of helium. The capsule was sus-
pended by a tantalum wire in a drop-calorimetric sys-
tem. 33 The system consisted of a resistance-heated 
molybdenum-core furnace and a copper block calorim-
eter. Furnace temperature measurements were made 
with platinum-platinum 10% rhodium thermocouple. 
Calorimeter temperatures were determined with a 
quartz -crystal thermometer, interfaced to give a tele-
type punched paper tape record which was used for com-
puter calculations of the temperature rises. 
The heat capacity of the empty calorimeter was de-
termined in a separate series of measurements. Cor-
rections were made for small differences in the masses 
of gold, copper, Apiezon-T grease, and helium associr-
ated with the empty and loaded calorimeter during mea-
surements. These corrections amounted to 0.06% or 
less of the heat capacity of the empty calorimeter at The energy equivalent of the empty copper block cal-
TABLE II. Heat capacity of lanthanum trifluoride, LaFs• at constant pressure. M(LaFs) 
= 195. 9007 g mole-t. 
T Co T Co T Co p p p 
( OK) (J °K-t • mole-t) ( OK) (J °K-t'mole-t ) ( OK) (J °K-t • mole-t) 
5.29 0.025 30.02 6.793 161. 83 69.48 
5.43 0.028 31.13 7.336 165.99 70.60 
6.92 0.070 33.17 8.345 176.02 73.12 
7.28 0.085 36.63 10.13 184.69 75.09 
8.62 0.160 40.46 12.19 186.03 75.40 
9.18 0.203 40.46 12.19 194.69 77.15 
10.42 0.322 44.71 14.55 204.70 79.01 
11.13 0.410 49.42 17.25 214.70 80.67 
12.30 0.583 54.67 20.33 224.70 82.24 
13.09 0.722 60.44 23.75 234.73 83.63 
14.27 0.967 66.84 27.55 244.74 84.94 
15.06 1.150 73.92 31. 71 254.74 86.10 
16.28 1.464 81. 72 36.17 264.76 87.18 
17.06 1. 681 90.32 40.92 274.75 88.21 
18.31 2.056 99.82 45.74 284.75 89.13 
18.94 2.255 102.77 47.17 285.00 89.18 
20.32 2.719 109.80 50.49 294.76 90.00 
20.86 2.907 112.09 51. 54 295.00 90.02 
22.34 3.449 121. 80 55.75 305.00 90.84 
23.06 3.726 131. 85 59.75 314.99 91. 55 
24.58 4.336 141. 84 63.35 325.00 92.28 
25.49 4.721 145.99 64.74 335.01 92.92 
27.16 5.459 151. 83 66.58 342.52 93.31 
28.17 5.927 155.99 67.84 347.50 93.67 
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enthalpy over the entire range of temperatures. orimeter was determined by electrical calibrations. 33 
The calibrations were performed with various tempera-
ture rises (corresponding to those of the LaF3 experi-
ments) with the final temperature of the system very 
near 298.15 OK (usually within 0.01 OK). Values of the 
energy equivalent varied slightly as a function of tem-
perature rise of the calorimeter, from 4379.5 J °K-1 
for ~T=0.5 OK to 4377.5 J °K-1 for ~T=3.0 OK. Cor-
rections were made for the small deviations of the final 
temperatures from 298. 15 OK and for the enthalpy of 
the helium gas contained in the loaded capsule. The 
total of these corrections varied from 0.05% (or less) 
of the total enthalpy at 400 OK to 0.03% (or less) at 
The experimental enthalpy values (H~ - H298 .15 OK) ob-
tained in this investigation are listed in Table IV along 
with some values calculated from the equations given 
by Henderson. 16 In addition to the values listed, there 
were three measurements made below 400 OK. How-
ever, these results are not reported becauSe the small 
temperature rises from drops at these low tempera-
ture increased the experimental error substantially 
and the enthalpies given in Table m up to 350 OK are 
preferred. 
1400 OK. A series of enthalpy experiments was made 
with an empty capsule over the same temperature range 
as for the LaF3 enthalpy determinations. The sample 
contributed approximately 77% to the total measured 
During the course of this investigation a series of 12 
enthalpy determinations were made with synthetic sap-
phire (NBS Standard Reference Material 720). The re-
sults obtained deviated relatively systematically from 
the NBS certificate data as follows: + 0.18% at 400 OK; 
TABLE 1II. Low temperature thermodynamic functions for lanthanum trifluoride, LaF3• 
T Co So Hr-Hi) -(Gr-Hi)/T p 
( OK) (J OK-I. mole-I) (J oK-I. mole-I) (J mole-I) (J 0K"I. mole-I) 
5 0.021 (0.006) (0.023) (0.001) 
10 0.277 0.075 0.589 0.016 
15 1.135 0.326 3.824 0.071 
20 2.607 0.842 12.97 0.193 
25 4.513 1. 621 30.60 0.397 
30 6.782 2.640 58.72 0.682 
35 9.279 3.870 98.80 1.048 
40 11. 94 5.281 151. 8 1. 487 
45 14.72 6.847 218.4 1. 994 
50 17.59 8.545 299.1 2.563 
60 23.49 12.27 504.4 3.865 
70 29.43 16.34 769.0 5.353 
80 35.21 20.65 1092 6.994 
90 40.70 25.12 1472 8.758 
100 45.83 29.67 1905 10.62 
110 50.60 34.27 2388 12.56 
120 54.99 38.86 2916 14.56 
130 59.02 43.42 3486 16.61 
140 62.69 47.93 4095 18.68 
150 66.01 52.38 4739 20.78 
160 69.00 56.73 5414 22.89 
170 71.66 61. 00 6118 25.01 
180 74.05 65.16 6847 27.13 
190 76.20 69.22 7598 29.23 
200 78.14 73.18 8370 31.33 
210 79.91 77.04 9160 33.42 
220 81. 53 80.79 9968 35.49 
230 83.00 84.45 10790 37.54 
240 84.34 88.01 11627 39.57 
250 85.56 91.48 12477 41.57 
260 86.68 94.86 13338 43.56 
270 87.72 98.15 14210 45.52 
280 88.70 101. 36 15092 47.46 
290 89.60 104.49 15984 49.37 
300 90.44 107.54 16884 51.26 
310 91.21 110.52 17792 53.12 
320 91. 92 113.42 18708 54.96 
330 92.58 116.26 19631 56.78 
340 93.21 119.04 20560 58.57 
350 93.78 121. 75 21495 60.33 
273.15 88.04 99.17 14487 46.13 
298.15 90.29 106.98 16717 50.91 
±0.09 ±0.11 ±17 ±0.05 
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+ 0.38% at 750 oK; and - 0.18% at 1300 oK. These de-
viations can be compared with a root mean square per-
centage deviation of 0.28% for an equation derived to 
fit the Argonne (ANL) experimental data for LaF s' We 
estimate that the ANL enthalpy results given in Table 
IV to have a probable error of O. 5%. An equation was 
derived to fit all the enthalpy results listed in Table IV 
and will be discussed in Sec. m. C below. 
III. DERIVED THERMODYNAMIC PROPERTIES 
A. Low temperature thermal functions 
The experimental values of the molar heat capacity 
(cf, Table n) were fitted by two overlapping polynomials 
in temperature by the method of least squares. Stan-
dard deviations of an individual point from the smooth 
curves were O. 09% up to 36.63 OK and 0.04% from 20. 32 
20.32 °Kup to 347.50 OK. Values of the thermal functions 
given in Table In were calculated from appropriate in-
tegrals of the polynomials, 
TABLE IV. Enthalpy of LaFa above 298.15 OK from drop-
calorimetric measurements. a 
W(T)-Ho (298.15 OK) 
kJ moie-1 
This work 
T (ANL) Or % Deviation 
('K) Henderson (Ref. 16) Exptl. b Calc. C (exptl-calc) 
425.41 ANL 11. 860 11.,968 - O. 91 
475.27 ANL 16.793 16.860 -0.40 
522.98 ANL 21. 613 21.618 - 0.03 
573.08 ANL 26.637 26.679 - 0.16 
624.93 ANL 32.102 31. 972 + 0.40 
682.60 ANL 38.116 37.915 +0.53 
724.27 ANL 42.319 42.240 + 0.19 
757.15 ANL 45.732 45.671 + 0.13 
814.95 ANL 51.675 51. 739 -0.12 
882.32 ANL 58.772 58.877 - 0.18 
921. 36 ANL 62.968 63.051 -0.13 
950.77 ANL 66.070 66.216 -0.22 
988.56 ANL 70.077 70.313 - 0.34 
1000 Ref. 16 72.354 71. 560 + 1.10 
1038.14 ANL 75.710 75.746 - O. 047 
1067.24 ANL 78.849 78.970 -0.15 
1093.46 ANL 81. 755 81. 900 -0.18 
1l0O Ref. 16 83.119 82.635 +0.58 
1143.64 ANL 87.615 87.582 +0.04 
1193.77 ANL 93.000 93.369 - 0.40 
1200 Ref. 16 94.387 94.096 +0.31 
1244.30 ANL 99.038 99.330 -0.29 
1283.76 ANL 103.753 104.086 -0.32 
1300 Ref. 16 106.307 106.072 +0.22 
1322.78 ANL 108.462 108.886 - 0.39 
1379.08 ANL 115.181 1l5.999 - 0.71 
1400 Ref. 16 118.987 118.702 +0.24 
1476.65 ANL 128.527 128.920 -0.31 
1500 Ref. 16 132.504 132.137 + O. 28 
1550 Ref. 16 139.595 139.201 +0.28 
1600 Ref. 16 146.916 146.521 + 0.27 
1650 Ref. 16 154.472 154.112 + 0.23 
1700 Ref. 16 162.269 161. 993 + 0.17 
1733 Ref. 16 167.547 167.359 + 0.11 
1766 Ref. 16 172.934 172.861 + 0.04 
aThe molecular weight of LaFa is 195.9007 g mole-I. 
bNo effects. within experimental errors. were observed that 
could be traced to the previous thermal history of the sample. 
Therefore the experimental ANL enthalpy values are listed 
in order of ascenrung temperature. 
"Calculated from the equation given in the text. 
Below 5 OK, the heat capacity was extrapolated 
smoothly to T = 0 on the basis of a plot of C,/ T against 
T2. No attempt was made in the process of extrapola-
tion to adjust for contributions due to nuclear spin or 
isotopic mixing; therefore, the values given in Table 
In represent practical thermal functions for use in or-
dinary thermochemical calculations. Probable errors 
associated with the thermal functions are estimated as 
0,1 % above 25 OK. 
The standard entropy of formation of LaFs(c) at 
298.15 OK can be calculated from SO(LaFs, c, 298.15 OK) 
=(106.98±0.11) JOK-1 • mole-l (see Table ill), SO(La, 
c, 298.15 OK) = (56. 9± 2. 5) J OK-I. mole-t, S4 and SO(F2, g, 
298.15 OK) = (202.68 ± O. 20) J OK-I. mole-I. S5 The result 
is 
AS; (LaFs, c, 298.15 OK) = - (253. 9± 2, 5) J OK-I. mole-I. 
A number of values of the standard enthalpy of forma-
tion of LaFs(c) at 298.15 OK have been reported. Poly-
achenok'6 reported I:l.H;{LaFs, c, 298.15 °K)= - (405± 7) 
kcal mole-1 based upon data obtained from heterogeneous 
equilibria; Kondrat'evs7 reported - (403. 7 ± 1. 5) kcal 
mole- l derived from calorimetric results involving pre-
cipitation of fluorides; Rezukhina et al. 38 found 
- (413. 9± 1. 2) kcal mole- l from high temperature 
emf's of solid-electrolyte galvanic cells; Khanaevet 
aI. S9 calculated - (389.6 ± 1. 2) kcal mole-1 from the 
enthalpy of solution of lanthanum metal in aqueous HF; 
and finally, Johnson, pennell, and Hubbard40 have re-
cently derived - (406.19 ± 0.47) kcal mole-lor 
-(1699.5±2.0) kJ mole-I based upon the measure-
ments of the enthalpy of combustion of lanthanum in a 
fluorine bomb calorimeter. We accept the last quoted 
value, /:).[{;(LaFs,C, 298. 15 °K)=-(1699.5±2.0) kJ 
mole-I, as the best value because of the direct calori-
metric technique employed and also because of the 
careful chemical characterizations of the reactants and 
combustion products. Accordingly, we calculate the 
standard Gibbs energy of formation 
I:l.C;(LaFs, c, 298.15 OK) = - (1699. 5 ± 2. 0) 
+ (0. 2539± O. 0025) 298.15 = - (1623. 8 ± 2.1) kJ mole-I. 
B. High temperature thermal functions 
The enthalpy results given in Table IV and the values 
of H; - H;!I!o1SoK at 320 and 350 OK given in Table ill 
were fitted by a polynomial in temperature by the 
method of least squares. This fit was constrained to 
give H; - H;98.1S OK = 0 at 298.15 OK and to give C; 
=d(H~ - H;98.IS °K)/dT= 90. 29 J °K- l • mole-I at 298.15 OK 
(see Table m). The equation was of the form 
H~-H29801SoK =A +BT+CT 2 +DT s +ET4 +FT5 , 
and the coefficients were as follows: A = - 2. 2346806 
x10\ B=53.691664, C=9.4523031xlO- 2, 
D= -8. 9657783 x lO-s,E =4. 1313655 X 10-8, and F 
= - 5. 9636294 X 10-12• The fourth column in Table IV 
gives the enthalpies calculated using this equation and 
the last column gives the percentage difference between 
the experimental and calculated enthalpies. The solid 
J. Chem. Phys., Vol. 69, No.1, 1 July 1978 













300 500 700 900 1100 1300 1500 
T,oK 
FIG. 1. The heat capacity of LaFs(c) as a function of temperature. Curve A (solid line) represents the heat capacity that was 
calculated by differentiation of the equation given in the text (see Sec. III. B). Curve B (dashed line) represents the heat capacity 
reported by Henderson. 16 Curves C and D are estimated lattice heat capacities of LaFs as described in the text (see Sec. IV.). 
line, Curve A, shown in Fig. 1 represents the heat 
capacities calculated by differentiation of the equation, 
and the dashed line, Curve B, represents the heat ca-
pacities calculated by Henderson. 16 It can be seen that 
the Curve B cannot be smoothly joined to Curve A in 
the region of 350 oK; Curve A in this region represents 
the calorimetric results given in Table m. It was con-
cluded that the enthalpy results of Spedding and Hender-
son16.n tend to be about 8% high near 400 oK and about 
2% high near 800 oK. As can be seen in Table IV, we 
have included results of Henderson16 at 1000 oK and 
higher temperature in the least-squares fit given above. 
The heat capacities and thermal functions at selected 
temperatures given in Table V were derived from the 
polynomial representing the enthalpy data in Table IV. 
We estimate these results in Table V to have a prob-
able error of 0.2% at 400 oK, 0.5% at 1000 oK, and 1% 
at 1766 oK, except that the heat capacity values are as-
signed a probable error of 1% at 1500 oK and increasing 
to 3% at 1766 oK. 
IV, DISCUSSION 
As expected, the low temperature thermal properties 
of LaFs show no obviously unusual behavior up to 350 oK 
(and possibly up to the region of 1000 OK) and therefore 
the heat capacity of LaF s may be of value for estima-
tion of the normal lattice heat capacity of the other iso-
structural lanthanide trifluorides which do have anom-
alous heat capacity contributions. However, it is 
readily apparent from an examination of Fig. 1 (Curves 
A and B) that the LaF s heat capacity values above 
1100 OK are again increasing rapidly after having leveled 
off in the region of 600-900 OK. We note that the har-
monic limit (12R = 99. 77 J °K-1 • mole-I) is attained at 
500 OK and also that at temperatures below the melting 
temperature (1766 OK) the heat ca~city of LaFs is much 
higher than that reported for CeFs, 41.42 PrFS116.17.42 
and NdFs•16 ,17.42 
We believe that the anomalously high heat capacity 
of LaFs at high temperatures is predominately the re-
sult of the formation of lattice vacancies. Strong evi-
dence to support the formation of Schottky defects has 
been presented by Sher, Solomon, Lee, and Muller, 43 
who have measured various transport properties of 
LaF3. up to 1000 OK. They proposed a model which as-
sumes lattice vacancy formation to account for their 
experimental results; however, as the authors indicate, 
the proposed model correlates the unusual transport 
properties of LaF 3' but it only crudely approximates 
some important details of an undoubtedly complicated 
situation. The nmr studies by Goldman and Shen44 and 
also by 8araswati and Vijayaraghavan45 indicate a rapid 
exchange of fluorine atoms between crystallographic ally 
distinct lattice sites at high temperatures; presumably, 
the presence of large numbers of lattice defects greatly 
enhances this exchange. 
TABLE V. Recommended high temperature thermodynamic 
functions for LaF3(c). 
T co S' H'T-H'98.15 -(G'T-H'298.",/T • ('K) (J 'K-t'mole-t) (J 'K-t'mole-t) (J mole-t) (J '1("'. mole-i) 
400 96.09 134.38 9512 110.60 
500 99.77 156.25 19318 117.61 
600 102.12 174.66 29421 125.63 
700 103.75 190.53 39718 133.79 
800 105.18 204.48 50164 141. 77 
900 106.87 216.96 60763 149.45 
1000 109.20 228.34 71560 156.78 
1100 112.48 238.89 82635 163.77 
1200 116.95 248.86 94096 170.44 
1300 122.79 258.44 106072 176.85 
1400 130.08 267.80 118702 183.01 
1500 138.85 277.06 132137 188.97 
1600 149.06 286.34 146521 194.77 
1700 160.59 295.72 161993 200.43 
1766 168.83 301.99 172861 204.11 
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It is apparent that adequate theoretical and experi-
mental information with which to quantitatively calcu-
late the contribution of lattice defect formation to the 
measured heat capacity of LaF 3 is not available. We 
will therefore conclude this discussion with a presenta-
tion of two estimates of the excess heat capacity and 
excess entropy of LaF3 between 300 and 1766 oK. 
For convenience we represent the heat capacity of 
LaF 3 above 300 oK by the equation 
C; = C lat + C fte.... , 
where Clat represents the usual lattice heat capacity 
(as explained below) and Cue ... represents a heat ca-
pacity contribution in excess of Ctat • In the present 
context we consider C, = Clat for LaF 3 at the tempera-
tures indicated later in this discussion. 
The first estimate of Clat is represented by Curve C 
in Fig.!. An inspection of Curve A, which represents 
C; (see Table V), shows dC;/dT is decreasing from 
300 to about 700 OK and then begins to increase signifi-
cantlyabove 1100 OK. This behavior suggests that up 
to about 600 OK it may be reasonable to assume that 
C; ~ Clat• Accordingly, Curve C was drawn as an ex-
tension of Curve A beyond 600 OK with dC;/dT approxi-
mately equal to that expected from the Debye heat ca-
pacity function for T> 8 D' The value of Clat at 1766 OK 
is 108.0 J °K-t , mole-t and the value of excess entropy, 
Sexe .... ' reflecting the difference between heat capacities 
represented by Curves A and C from 600 to 1766 OK, is 
13,1 J °K-t • mole-to 
A second estimate of Clat was made using the Debye 
heat capacity function and the harmonic limit of 12 R. 
For this estimate we aSSume C, = Cv• It was found that 
a single "effective" Debye characteristic temperature, 
8 D' of 450 OK could be used to fit C; from 120 to 280 OK 
with an average deviation of ± O. 4 J °K-t • mole-to Curve 
D in Fig. 1 shows the heat capacity from 300 to 1766 OK 
calculated with 8 D = 450 OK. Because no allowance was 
made for anharmonic effects the true Clat curve must 
be higher than Curve D. The value of Sexc_ calculated 
from the difference between the heat capacities repre-
sented by Curves A and D from 300 to 1766 OK is 22.8 
J OK -1 • mole-1• 
It is likely that our two estimates of Sq ..... bracket 
the excess entropy due to lattice vacancy formation in 
LaF3 between 300 and 1766 OK. These excess entropy 
results can be used as a (necessary, but not sufficient) 
test of proposed models to quantitatively explain the 
high temperature physical properties of solid state of 
LaF s' The high temperature heat capacities of 
CeFs, 41,42 PrFa, 16,17,42 and NdFs 16 ,17,42 also indicate 
significant (but less than for LaFs) excess entropies 
between 300 OK and their melting temperatures. 
We have measured the heat capacities of PrFs and 
NdFs from 5 to 350 OK and will report these results in 
separate publications. 
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